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(A) Providing an electrolytic cell, a quantity of saltwater solution,

and a quantity of sodium bicarbonate, wherein the electrolytic cell

includes at least one solution inlet, a waste outlet, a yield outlet, a
cathode chamber, an anode chamber, and a semipermeable membrane,
and wherein the solution inlet 1s 1n fluid communication with the anode
chamber and the cathode chamber, and wherein the anode chamber and

the cathode chamber are 1n osmotic communication with each other
through the semipermeable membrane, and wherein the anode chamber
1s 1n fluid communication with the yield outlet, and wherein the cathode
chamber 1s 1n fluild communication with the waste outlet:

(B) Filling the electrolytic cell with the quantity
of saltwater solution through the solution inlet

(C) Executing an electrolysis process on the quantity
of saltwater solution with the electrolytic cell

(D) Chemically separating a quantity of sodium cations from the
anode chamber, through the semipermeable membrane, into the
cathode chamber, and out of the waste outlet, wherein the quantity
of sodium cations combines with hydroxide in the cathode chamber
1in order to exit out of the waste outlet as a sodium hydroxide solution

(E) Chemically separating a quantity of chloride anions from the cathode
chamber, through the semipermeable membrane, into the anode chamber,
and out of the yield outlet, wherein the quantity of chloride anions combines
with carbonic acid 1n the anode chamber 1n order to exit out of the yield outlet
as a hypochlorous acid solution and carbon dioxide gas

(F) Adjusting the hypochlorous acid solution to a desired pH level by

adding the quantity of sodium bicarbonate to the quantity of saltwater
solution during step (B) or to the hypochlorous acid solution after step (E)

F1G. 2
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Providing a salt chamber, a filter, a quantity of salt, and a quantity of

water, wherein the salt chamber includes a water inlet and a saltwater

outlet, and wherein the salt chamber 1s filled with the quantity of salt,
and the filter 1s connected across the saltwater outlet

Producing the quantity of saltwater solution by tlowing the
quantity of water into the water inlet, through the quantity
of salt, through the filter, and out of the saltwater outlet
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Providing a variable current controller, wherein the variable current
controller 1s electronically connected to the electrolytic cell

FI1G. S
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Providing a water pump, wherein the water pump
1s 1n fluid communication with the electrolytic cell

Filling the electrolytic cell with the quantity of saltwater
solution through the water pump during step (B)

F1G. 6
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Providing a pressurized water source, wherein the pressurized
water source 1s 1n fluid communication with the electrolytic cell

Diluting a salt concentration of the quantity of saltwater
solution with the pressurized water source during step (B)

F1G. 7
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Providing a waste flowrate control valve, wherein the
cathode chamber 1s 1n fluid communication with the
waste outlet through the waste flowrate control valve

Adjusting a flowrate of the sodium hydroxide solution out of the
waste outlet with the waste tflowrate control valve during step (D)
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Providing a yield flowrate control valve, wherein the anode chamber 1s 1n fluid

communication with the yield outlet through the yield tlowrate control valve

AT

Adjusting a flowrate of the hypochlorous acid solution out of the
yield outlet with the yield tlowrate control valve during step (E)

FI1G. 9
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SYSTEM AND METHOD FOR MAKING
HYPOCHLOROUS ACID USING
SALIWATER WITH SODIUM
BICARBONATE

The current application claims a priority to the U.S.
Provisional Patent application Ser. No. 63/041,626 filed on

Jun. 19, 2020 and a priority to the U.S. Provisional Patent
application Ser. No. 63/034,708 filed on Jul. 21, 2020.

FIELD OF THE INVENTION

The present invention relates generally to methods of
making Hypochlorous Acid (HOCI) by electrolyzing salt-
water. More specifically, the present invention 1s a method
for making hypochlorous acid using saltwater with sodium
bicarbonate. In more detail, sodium bicarbonate 1s added to
adjust the pH level for the final solution.

BACKGROUND OF THE INVENTION

Hypochlorous acid (HOCI) has been proven to be a safe
and eflective disinfectant, acknowledged by both the FDA
(Food and Drug Administration) and the EPA (Environmen-
tal Protection Agency) as “GRAS” (Generally Recognized
as Safe).

Making hypochlorous acid by the method of electrolysis
which mvolves applying electrical current to the salt water

(usually NaCl or KCI). This process would separate the
dissociated salt 1ons, Na™, or K™, and CI™, further towards the
clectrical terminals. C1™ 1ons would be attracted to the anode
(positive terminal); while the positive 1ons (Na® or K%)
would be attracted to the cathode (negative terminal). At the
anode Cl™ 1ons combine with water (H,O) to form the
following (for convenience, the following equations will
make use of Na™ but can be substituted with K" and its
byproducts):

2CI"+H,0—=HOCI (hypochlorous acid)+HCI (hydro-
chloric acid)

At the cathode, Na™ combines with water (H,O) to form
the following;:

2Na"+2H-,0—2NaOH (sodium hydroxide)+H,

There are two popular methods of making hypochlorous
acid by electrolysis. The first method would just apply
clectrical current to create the above 2 equations in one
container. This would form a mixture of HOCI, NaOCl,
NaOH, HCI. This 1s not pure HOC] and it contains unhealthy
chemicals such as NaOCI, NaOH, and HCI.

The second popular method would use a semipermeable/
ionic membrane to separate the output solutions into two
separate containers. First solution would be NaOH,,,_, and
the second solution would be HOCI+HCI. The higher the
concentration of the second solution gets, the lower its pH
level 1s. This 1s due to the presence of HCI. This also means
the lower the pH 1s, the less safe it would become.

The present mmvention would add sodium bicarbonate
(NaHCO,) 1nto the saltwater solution using the method that
utilizes the semipermeable/ionic membrane. This would
yield the following;:

HCO; +Cl, +2H,0—=2HOCI+H,CO;<HOCI+H,O+
CO, (at anode chamber)

2Na*+2H,0—=2NaOH+H, (at cathode chamber)

For this process, HOCI and H,CO, (carbonic acid) are
formed at the anode chamber. Carbonic acid 1tself 1s a very
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weak acid, that 1s formed naturally 1n human body, which 1s
essential to the gas exchange process. Even that, the car-
bonic acid would break down further into H,O (aq) and
CO,(g). The resulting solution would have higher pH due to
the absence of the strong hydrochloric acid (HCI). There-

fore, this process yields much purer hypochlorous acid
solution.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a system diagram of the present invention.

FI1G. 2 1s a flowchart illustrating the overall process for the
method of the present invention.

FIG. 3 1s a flowchart illustrating the subprocess for
producing the quantity of saltwater solution.

FIG. 4 1s an exemplary embodiment of the salt chamber
used to produce the quantity of saltwater solution.

FIG. 5 15 a flowchart illustrating the subprocess of using
a variable current controller to manage the current produced
by the electrolytic cell.

FIG. 6 1s a flowchart illustrating the subprocess of using
a water pump to fill the electrolytic cell with the quantity of
saltwater solution.

FIG. 7 1s a flowchart 1llustrating the subprocess for turther
diluting the salt concentration of the saltwater solution.

FIG. 8 1s a flowchart illustrating the subprocess for
adjusting the flowrate of the sodium hydroxide solution
exiting out of the waste outlet.

FIG. 9 1s a flowchart illustrating the subprocess for
adjusting the flowrate of the hypochlorous acid solution
exiting out of the yield outlet.

FIG. 10 1s a diagram displaying the system of the present
invention with the water pump, the pressurized water source,
the variable current controller, the waste flowrate control
valve, and the yield tlowrate control valve.

DETAIL DESCRIPTIONS OF THE INVENTION

All 1llustrations of the drawings are for the purpose of
describing selected versions of the present invention and are
not intended to limit the scope of the present invention.

In reference to FIGS. 1 through 10, the present invention
1s a system and method for making hypochlorous acid using
saltwater with sodium bicarbonate. With reference to FIG. 1,
the system of the present invention includes an electrolytic
cell, a quantity of saltwater solution, and a quanftity of
sodium bicarbonate (Step A). The electrolytic cell 1s an
clectrochemical device used to decompose compounds. The
clectrolytic cell includes at least one solution inlet, a waste
outlet, a yield outlet, a cathode chamber, an anode chamber,
and a semipermeable membrane. The solution inlet 1s 1n
fluid communication with both the cathode chamber and the
anode chamber. The anode chamber and the cathode cham-
ber are 1n osmotic communication with each other through
the semipermeable membrane, the anode chamber 1s 1n fluid
communication with the yield outlet, and the cathode cham-
ber 1s 1n fluild communication with the waste outlet. The
quantity of saltwater solution may be any type of saltwater
solution such as, but not limited, a sodium chloride (NaCl)
solution, a potasstum chloride (KC1) solution, or a sodium
hypochlorite (NaOCl) solution. The quantity of sodium
bicarbonate 1s preferably the compound NaHCO, or baking
soda.

With reference to FIG. 2, the method of the present
invention follows an overall process for making hypochlo-
rous acid using saltwater with sodium bicarbonate. First, the
clectrolytic cell 1s filled with the quantity of saltwater



US 11,225,723 B2

3

solution through the solution 1nlet (Step B). In turther detail,
Step B prepares the quantity of saltwater solution for elec-
trolysis. Additionally, Step B can be executed through
various methods. The electrolysis process 1s then executed
on the quantity of saltwater solution with the electrolytic cell
(Step C). In further detail, Step C applies a direct electric
current to the quantity of saltwater solution in order to
produce chemical reactions. During the electrolysis process,
a quantity of sodium cations 1s chemically separated from
the anode chamber, through the semipermeable membrane,
into the cathode chamber, and out of the waste outlet (Step
D). As a result of the electrolysis process, the quantity of
sodium cations combines with hydroxide in the cathode
chamber 1n order to exit out of the waste outlet as a sodium
hydroxide solution. Thus, the sodium hydroxide solution 1s
separated from the desired compound of the electrolysis
process. Also during the electrolysis process, a quantity of
chloride anions 1s chemically separated from the cathode
chamber, through the semipermeable membrane, and out of
the vyield outlet (Step E). As a result of the electrolysis
process, the quantity of chloride anions combines with
carbonic acid in the anode chamber 1n order to exit out of the
yield outlet as a hypochlorous acid solution and carbon
dioxide gas. Thus, the hypochlorous acid solution i1s com-
pounded as a result of the saltwater being electrolyzed. The
formation of the hypochlorous acid solution 1n the yield
solution depends on the pH level of the solution. Hypochlo-
rous acid formation 1s optimal at a pH level between 4.5 to
5.5. The presence of sodium bicarbonate prevents hydro-
chloric acid from being formed with the hypochlorous acid
solution, and therefore increases the pH level of the yield
solution. In order to output a purer hypochlorous acid
solution, the hypochlorous acid solution 1s adjusted to a
desired pH level by adding the quantity of sodium bicar-
bonate to the quantity of saltwater solution during Step B or
Step E (Step F). In further detail, the quantity of sodium
bicarbonate can be poured into the electrolytic cell with the
quantity of saltwater solution in Step B or the quantity of
sodium bicarbonate can be poured into the hypochlorous
acid solution after Step E.

In order to produce the quantity of saltwater solution and
with reference to FIGS. 3 and 4, the system of the present
invention may further include a salt chamber, a filter, a
quantity of salt, and a quantity of water. The salt chamber
includes a water inlet and a saltwater outlet. The salt
chamber 1s filled with the quantity of salt, and the filter is
connected across the saltwater outlet. Additionally, the salt
chamber can be filled with the quantity of sodium bicarbon-
ate 1n order adjust the pH level before the quantity of
saltwater solution 1s added into the electrolytic cell. The salt
chamber 1s a container designed to speed up the rate of
dissolving salt crystals. The filter prevents any undissolved
salt crystals from exiting out of the saltwater outlet. The
quantity of saltwater solution 1s produced by tlowing the
quantity of water into the water inlet, through the quantity of
salt, through the filter, and out of the saltwater outlet. As the
quantity of water flows through the salt chamber, the quan-
tity of salt 1s dissolved quickly due to the design of the salt
chamber. Thus, the quantity of saltwater solution 1s pro-
duced, which i1s thoroughly diluted. As mentioned, the salt
chamber 1s designed to speed up the rate of dissolving salt
crystals. Thus, the salt chamber includes a lateral chamber
body, and the lateral chamber body 1s shaped with a tiered
taper from the water inlet to the saltwater outlet. The tiered
taper from the water inlet to the saltwater outlet causes the
quantity of water to flow faster from the water inlet to the
saltwater outlet.
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In order to control and manage the amount of current
outputted during the electrolysis process and with reference
to FIGS. 5 and 10, the present mmvention may Ifurther
comprise a variable current controller. The variable current
controller 1s electromically connected to the electrolytic cell
through wiring. A selection for a specific current 1s recerved
with the variable current controller. In further detail, a user
can mput an amount of current that 1s outputted by the
clectrolytic cell. The specific current 1s then applied across
the electrolytic cell during Step C. Thus, a user can control
and manage the amount of current outputted during the
clectrolysis process.

In order for the quantity of saltwater solution to be
continuously electrolyzed as 1t flows 1nto the electrolytic cell
and with reference to FIGS. 6 and 10, the present invention
may further comprise a water pump. The water pump 1s 1n
fluild communication with the electrolytic cell. The fluid
communication between the water pump and the electrolytic
cell can be established through a set of pipes. The electro-
lytic cell 1s filled with the quantity of saltwater solution
through the water pump during Step B. In further detail, the
water pump speeds up how fast the quantity of saltwater
solution flows 1nto the electrolytic cell. Thus, the quantity of
saltwater solution 1s continuously electrolyzed as the quan-
tity of saltwater solution flows into the electrolytic cell.

In order to further dilute the quantity of saltwater solution
as 1t flows 1nto the electrolytic cell and with reference to
FIGS. 7 and 10, the present invention may further comprise
a pressurized water source. The pressurized water source 1s
in fluid communication with the electrolytic cell. The fluid
communication between the pressurized water source and
the electrolytic cell can be established through a set of pipes.
A salt concentration of the quantity of saltwater solution 1s
diluted with the pressured water source during Step B. In
further detail, an additional quantity of water from the
pressurized water source mixes with the quantity of saltwa-
ter solution as the quantity of saltwater solution flows 1nto
the electrolytic cell. Thus, the quantity of saltwater solution
1s Turther diluted as it flows into the electrolytic cell.

In order to control the flowrate of the sodium hydroxide
solution exiting the waste outlet and with reference to FIGS.
8 and 10, the present invention may further comprise a waste
flowrate control valve. The cathode chamber 1s 1n fluid
communication with the waste outlet through the waste
flowrate control valve. The flowrate of the sodium hydroxide
solution out of the waste outlet 1s adjusted with the waste
flowrate control valve during Step D. Thus, a user can
control how fast and how much of the sodium hydroxide
solution flows out of the waste outlet.

In order to control the tlowrate of the hypochlorous acid
solution exiting the yield outlet and with reference to FIGS.
9 and 10, the present invention may further comprise a yield
flowrate control valve. The anode chamber 1s 1n fluid com-
munication with the yield outlet through the yield flowrate
control valve. The flowrate of the hypochlorous acid solu-
tion out of the yield outlet 1s adjusted with the yield flowrate
control valve during Step E. Thus, a user can control how
fast and how much of the hypochlorous acid solution tlows
out of the yield outlet.

Although the mvention has been explained 1n relation to

its preferred embodiment, 1t 1s to be understood that many
other possible modifications and variations can be made
without departing from the spirit and scope of the invention
as hereinafter claimed.




US 11,225,723 B2

S

What 1s claimed 1s:

1. A method for making hypochlorous acid using saltwa-
ter with sodium bicarbonate, the method comprising the
steps of:

(A) providing an electrolytic cell, a quantity of saltwater
solution, and a quantity of sodium bicarbonate, wherein
the electrolytic cell includes at least one solution inlet,
a waste outlet, a yield outlet, a cathode chamber, an
anode chamber, and a semipermeable membrane, and
wherein the solution inlet 1s 1n fluild communication
with the anode chamber and the cathode chamber, and
wherein the anode chamber and the cathode chamber
are 1n osmotic communication with each other through
the semipermeable membrane, and wherein the anode
chamber 1s 1 flmd communication with the yield
outlet, and wherein the cathode chamber 1s 1n fluid
communication with the waste outlet;

(B) filling the electrolytic cell with the quantity of salt-
water solution through the solution inlet, wherein
sodium bicarbonate 1s added into the quantity of salt-
water solution prior to filling the electrolytic cell;

(C) executing an electrolysis process on the quantity of
saltwater solution with the electrolytic cell;

(D) chemically separating a quantity of sodium cations
from the anode chamber, through the semipermeable
membrane, into the cathode chamber, and out of the
waste outlet, wherein the quantity of sodium cations
combines with hydroxide in the cathode chamber 1n
order to exit out of the waste outlet as a sodium
hydroxide solution;

(E) chemically separating a quantity of chloride anions
from the cathode chamber, through the semipermeable
membrane, into the anode chamber, and out of the yield
outlet, wherein the quantity of chloride anions com-
bines with carbonic acid 1in the anode chamber 1n order
to exit out of the yield outlet as a hypochlorous acid
solution and carbon dioxide gas, wherein the carbonic
acid in the anode chamber 1s formed from the sodium
bicarbonate added into the quantity of saltwater solu-
tion prior to filling the electrolytic cell;

(F) adjusting the hypochlorous acid solution to a desired
pH level by adding the quantity of sodium bicarbonate
to the quantity of saltwater solution during either step
(B) or to the hypochlorous acid solution after step (E).

2. The method for making hypochlorous acid using salt-
water with sodium bicarbonate as claimed in claim 1, the
method comprising the steps of:

providing a salt chamber, a filter, a quantity of salt, and a
quantity of water, wherein the salt chamber includes a
water 1nlet and a saltwater outlet, and wherein the salt
chamber 1s filled with the quantity of salt, and the filter
1s connected across the saltwater outlet; and

producing the quantity of saltwater solution by flowing
the quantity of water into the water inlet, through the
quantity of salt, through the filter, and out of the
saltwater outlet.

3. The method for making hypochlorous acid using salt-

water with sodium bicarbonate as claimed i1n claim 2,
wherein the salt chamber 1s filled with the quantity of
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sodium bicarbonate, and wherein the quantity of sodium
bicarbonate 1s the sodium bicarbonate added into the quan-
tity of saltwater solution prior to filling the electrolytic cell.

4. The method for making hypochlorous acid using salt-
water with sodium bicarbonate as claimed 1n claim 2,
wherein the salt chamber further includes a lateral chamber
body, and wherein the lateral chamber body 1s shaped with
a tiered taper from the water inlet to the saltwater outlet.

5. The method for making hypochlorous acid using salt-
water with sodium bicarbonate as claimed 1n claim 1, the
method comprising the steps of:

providing a variable current controller, wherein the vari-

able current controller 1s electronically connected to the
clectrolytic cell;

recerving a selection for a specific current with the

variable current controller; and

applying the specific current across the electrolytic cell

during the step (C).

6. The method for making hypochlorous acid using salt-
water with sodium bicarbonate as claimed 1n claim 1, the
method comprising the steps of:

providing a water pump, wherein the water pump 1s 1n

fluid communication with the electrolytic cell; and
filling the electrolytic cell with the quantity of saltwater
solution through the water pump during step (B).

7. The method for making hypochlorous acid using salt-
water with sodium bicarbonate as claimed 1n claim 1, the
method comprising the steps of:

providing a pressurized water source, wherein the pres-

surized water source 1s in fluid communication with the
clectrolytic cell; and

diluting a salt concentration of the quantity of saltwater

solution with the pressurized water source during step
(B).

8. The method for making hypochlorous acid using salt-
water with sodium bicarbonate as claimed 1n claim 1, the
method comprising the steps of:

providing a waste flowrate control valve, wherein the

cathode chamber 1s in fluid communication with the
waste outlet through the waste flowrate control valve;
and

adjusting a flowrate of the sodium hydroxide solution out

of the waste outlet with the waste flowrate control valve
during step (D).
9. The method for making hypochlorous acid using salt-
water with sodium bicarbonate as claimed i1n claim 1, the
method comprising the steps of:
providing a vyield flowrate control valve, wherein the
anode chamber 1s 1n fluid communication with the vield
outlet through the yield flowrate control valve; and

adjusting a flowrate of the hypochlorous acid solution out
of the yield outlet with the yield flowrate control valve
during step (E).

10. The method for making hypochlorous acid using
saltwater with sodium bicarbonate as claimed 1n claim 1,
wherein the quantity of saltwater solution includes a salt
selected from the group consisting of: sodium chlonde,
potassium chloride, and sodium hypochlorite.
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